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® lmIdazo[4,5-b] pyridine compounds, process for preparing same and phaimaceutical compositions containing same. 



lmldazo[4.5-b]pyridine compounds of the general formula 
are provided: 



Q. 
lU 



in 



00 where R^ Is straight-chain or branched Ci .a allcoxy (which may 
w be 8Ut>6tituted with cycloalkyi) or Ca^ fluoroalkyioxy, R2 is H, 
^ methyl or metiioxy, and R^ and R^ are each H or methyl and may 
be the same or different. /Ml these compounds exhtt>lt good 
inhibition of potassium ton-dependent adenosine triphospha- 
tase and exceiient storage stability, so that tiiey are usable for 
the treatment of gastric and/or duodenal ulcers. 
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D s ription 

IMIDAZO[4,5-blPYRiDINE COMPOUNDS, PROCESS FOR PREPARING SAME AND PHARMACEUTICAL 

COMPOSITIONS CONTAINING SAME 



5 BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

This invention relates to novel lmidazo[4,5-b]pyridine compounds. The imidazo[4,5-b]pyridine compounds 
of this invention have excellent storage stability and can be used as drugs for the treatment of gastric and 
10 duodenal ulcers. 

(2) Description of the Prior Art 

In recent pathophysiological studies on gastric and duodenal ulcers, attention has been focused on the 
behavior of potassium ion-dependent adenosine triphosphatase [hereinafter referred to as (H-i- + K-i-) ATPase] 

15 participating in the production of liydrochloric acid in the vesicles of the gastric endoplasmic reticulum, and 
the presence of an inhibitory effect on this enzyme is now considered to lae a criterion of the usefulness of 
anti-ulcer agents (Gastroenterology, Vol. 1, p. 420, t943: ibid., Vd. 73, p. 921, 1977). From this point of view, a 
class of compounds having a side chain comprising an unsubstituted to trisubstituted pyridylmethylsulfinyl 
group are now being developed as antlHJlcer agents, and one typical example thereof is Omeprazole having a 

20 benzimldazoie skeleton (Japanese Patent Laid-Open No. 141783/'79; British Medical Journal, Vol. 287, p. 12, 
1983). On the other hand, it has been confirmed or suggested that certain imidazopyridine cpmpounds have an 
inhibitory effect on the afores^d enzyme. Typical examples thereof are compounds of the general formula 




where one of X and Y Is —CH- and the other is ==N-, R^' and R2' are each a hydrogen atom, a lower 

35 alkoxycarbonyl group, a halogen atom, a lower alkyl group, an amino group or a hydroxy! group and may be the 
same or different, R^', R*' and R^' are each a hydrogen atom, a lower B\koxy group or a lower alkyl group and 
may be the same or different, A Is a lower alkylene group, and ^ is 0 or 1. However, when Y is "»CH-, X Is «N-, 
and £ is 0, R^', R^ and R^' should not ail be hydrogen atoms. These compounds are reported in Japanese 
Patent Laid-Open No. 145182/'86 and. will hereinafter be referred to tentatively as the welHoiown 

40 imidazopyridine compounds. 

However, it has been found that, when stored without any preventive measure, Omeprazole undergoes a 
higher degree of deterioration than might be expected. In order to overcome its low storage stability, it has 
been imperative to convert Omeprazole into Its alkali salt (Japanese Patent Laid-Open No. 1 67587/'84) . 
As to the well-known Imidazopyridine compounds, the present inventors chose, as two typical examples 

45 thereof, 2-[2-(3,5-dlmethyl-4~methoxy)pyrldylmethylsulfinyl]-6-bromolmldazo[4,5-blpyridine (hereinafter 
referred to tentatively as Compound a) and 2-[2-(3,5-dimethyl-4-methoxy)pyridyImethylsulfinyl]-6-methylimid- 
azo[4,5-b]pyridine (hereinafter referred to tentatively as Compound P), and subjected them to various tests. 
As a result, it has been found that (1 ) similariy to Omeprazole, these compounds are also defective In storage 
stability and (2) while they exhibit a marked inhibitory effect on (H++K+) ATPase in the in vitro tests, this 

SO effect is not satisfactorily reflected in the in vivo tests for inhibitory effect.on gastric secretion and for Inhibitory 
effects, on various experimental ulcers. 

. SUMMARY OF THE INVENTION 

In view of these circumstances, the present Inventors have made an exhaustive study of compounds related 
. 55 to the aforesaid well-known Imidazopyridine compounds and have discovered that compounds obtained by 
substituting various alkoxy groups for the bromine atom or methyl group of Compounds a and p have excellent 
storage stability and exhibit a good anti-ulcer effect In various in vivo tests. The present invention has been 
completed on the basis of this discovery. 
According to one feature of the present Invention, there are provfded lmidazo[4,5-b]pyridine compounds of 
SO the general formula 



2 
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CH 



r3 r2 



where RMs a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted with a 
cycloaJkyI group which preferably contains 3 to 6 carbon atoms) or a fluoroalkytoxy group of 2 to 4 carbon 
atoms, R2 is a hydrogen atom, a methyl group or a mettroxy group, and R3 and are each a hydrogen atom or 
a methyl group and may be the same or different. 

According to another feature of the present invention, theiB are provided processes for preparing 
imldazoI4,5-b]pyridine compounds represented by the above general formula [i]. 

According to still another feature of the present invention, there are provided pharmaceutical compositions, 
containing an lmidazo[4,5-b]pyridlne compound represented by the above genefBl formula [1], as an active 
ingredient. 

it is to be understood that the lmldazo[4,5-b] pyridine compounds represented by the general formula [I] 
also include their tautomere represented by the general formula 



[I'] 



where R^, R^ and R^ are as previously defined. 

In the general formulae [Q and [I'], the edkoxy group represented by R** is selected from among methoxy, 
ethoxy, Isopropyloxy, n-propyloxy, sec-butyloxy, isobutyloxy. tert4Mityloxy, n4>utyloxy, n-pentyloxy, 3-methy1- 
butyfoxy, n-hexy!oxy, n-heptyloxy, 5-methylhe5cyloxy, 2,4,4-trimethylpentyloxy, n-octyloxy, cyclopropylmethy- 
loxy. l-cydopropyiethyloxy, cydobutylmethyloxy, cydopentyimethyloxy, 2-cyciopsntyiethyloxy, 3-cyclopen- 
tylpropyioxy. cydohexyimethyioxy, 2-cycloh6xylethy1oxy and Hke groups. Similajly, the fluoroalkyloxy group 
represented by R^ Is selected from among 2^,2-trlfluoroethpxy, 2,2,3.3,3-pentafluoropropyfoxy. 
1,1,1,3,3,3-hexafluoro-2-prbpyloxy. 2,2,3.3,4,4,44ieptafluorobutyloxy and like groups. 

DETAILED PESCRIPnOI^ OF THE PREFERRED EMBODIMENTS 

The imidazo[4,&-blpyridlne compounds represented by the above general formulas [I] and [1'] (hereinafter 
referred to briefly as the present compounds) can be prepared by oxidizing a suffkle compound of the general 
formula 




"ir 



S- — CH 




[IIJ 



10 



IS 



20 



30 



35 



40 



45 



SO 



where R^ R^. R^ and R^ are as previously defined, in the presence of a suitable solvent and with the aid of an 
oxidizing agent. The oxidizing agent may be be used In an amount of 1.0 to 1.3 moies per mole of the sulfide 
compound [11]. Oxidizing agents useful for this purpose Include, for example, peroxides such as 
m-chloroperbenzoic acid, perbenzoic acid, peracetic acid and the Hke. However, m-chioroperbenzoic add is 
prefenred because of its high stability. Suitable reaction solvents include, for example, halogenated 
hydrocart>ons such as chloroform, tetraohloroethane, etc.; alcohols such as methanol, ethanol, propanoi, 
butanol, etc.; and mixtures of two or more such solvents. However, from the viewpoint of selectivity and yield In 
the oxidation reaction, it is particularly preferable to use chlorofonm or a mbcture of chkxroform and methanol. 
The reaction is carried out at a temperature of -70 to 30"" 0, preferably -20 to lO^C, for a period of time ranging 
approximately from 1 minute to 24 houre. preferably from 5 minutes to 1 hour. 

The sulfide compounds represented by the above general formula [II] can be prepared by condensing a thiol 
compound of the general formula 
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H 



V 



SH 



N 



fill] 



N 



where Is as previously defined, with a pyridine compound of the general formuia 




N-HCjl 



IIVJ 



where R2, R3 and R* are as previously defined, in a reaction solvent. This reaction may be carried out In the 
presence or absence of a base, if it Is carried out in the absence of base, the resulting sulfide compound [il] is 
in the form of a hydrochloride and, therefore, needs to be dehydrochlorinated by means of a deacldifying 
agent. The pyridine compound [N] may be used in an amount equimolar to the thiol compound [III], and the 
base may be used in an amount of 2.0 to 3.0 moles per moie of the thiol compound [III]. Bases useful for this 
purpose include, for example, sodium hydrogen carbonate, sodium carbonate, potassium carbonate, sodium 
hydroxide, potassium hydroxide and the lilce. Suitable reaction solvents include, for example, alcohols such as 
methanol, ethanol, propanol. butanol, etc.: aprotic polar solvents such as dimethyiformamide. dimethyl 
sulfoxide, etc.; water; and mixtures of two or more such solvents. The reaction is carried out at a temperature 
of to to aOO'^C, preferably 60 to 80** C» for a period of time ranging approximately from 1 minute to 12 hours, 
preferably from 5 minutes to 4 hours. The thiol compound {111] used as a starting material can be prepared 
according to many well-known processes including, for example, that described in The Journal of Organic 
Chemistry. Vol. 24. p. 1455. 1959. 

Now, the beneficial effects of the present compounds [I] will be described hereinbelow. Specificaily, they 
were tested for storage stability. In vitro inhibitory effect on (H+ + K-*-) ATPase, and in vivo inhibitory effects on 
gastric secretion and on various experimental ulcers. The test compounds used for this purpose were the 
compounds enumerated below and considered to be typical examples of the present compounds [Q. The 
designation given In parentheses after the chemical name of each compound means Its tentative name as 
used herein and corresponds to the respective one of the examples which will be described later. 

2-[2-(3,5-Dimethyi)pyridylmethylsulflnyq-5-methoxyinfiidazo[4,57b]pyridine (Example 1). 
2-[2H[3.5-Dimethyl-4-methoxy]pyridyImethyisulfiifiyl] 5-methoxyimidazo[4,5-b]pyridine (Example 2). 
2-[2-<3,4,5*Trimethyi)pyridyimethylsumnyl]-5-methQxyimidazo[4,5-b]pyridlne (Example 3). 
2-[2-(4-Methoxy-5-methyi)pyridylmethylsulfinyi}-6-methoxyimidazo[4,5-b]pyridlne (Example 4). 
2-[2-(4*Methoxy-5-methyl)pyridyimethylsulfinyl]-7-methoxyimidazo[4,5-b]pyridine (Example 7). 
2-[2-(3,4,5-Trimethyi)pyridylmetliylsuifinyl]-5-ethoxyimidazo[4.5-b]pyridine (Example 8). 
2-[2-(3,5-Dimethyl)pyridylmethyisulfinyl]-5-lsopropyloxyimidazo[4.5-b]pyrtdine (Example 10). 
2-[2-(3,4,5-Trimethyi)pyridylmethytsuifinyl]-5-n-butyloxyimIdazo[4.5-b]pyridlne (Example 12). 
2-[2-(4-Methoxy-5-metliyl) pyridylmethylsulfinyl]-5-cyclopropylmethyloxylmida2o[4.5-b]pyridine (Example 13). 
2-[2-(3,5-Dlmethyl)pyridyImethylsulfinyl]-5-ethoxylmida20[4.5-b]pyridlne (Example 14). 
2-I2-(3,5-Dimethyl-4-methoxy)pyridylmethylsulfinyI]-5-isopropyio)^midazo[4,5-b]pyrid (Example 15). 
2-[2-(4-Methoxy-^methyl) pyridylmethylsulflnyO-5-isopropyloxyimidazo[4.6-b]pyridine (Example 16). 
2-[2-(4-Methoxy)pyridylmethylsulfinyI]-5~lsopropyloxyimidazo[4,6-b] pyridine (Example 17). 
2-[2-(3,5-Dimethyl)pyridylmethylsulfinyl]-5-n-propyloxyimldazoI4,5-b]pyridine (Example 1 8). 
2-[2-(3,5-Dimethyi)pyridyimethyfsuIfinyl]-^isobtJtyloxylmidaz6[4,5-b]pyri (Example 19). 
2-[2-(3,5-Dimethyi-4-methoxy)pyridylmethylsulfinyl]-5-isobutyIoxylmidazo[4.5-b]pyridine (Example .20). 
2-[2-(4-Methoxy-5-methyl)pyridylmethyfsulfinyl]-5-isobutyloxyimidazo[4.5-b]pyridine (Example 21). 
2-I2-(4-l^ethoxy)pyridylmethylsuifinyll-5-isobutyloxyimida2o[4.5-b]pyridine (Example 22). 
2-[2-(3,5-DimetiTyl) pyridyimethyIsulfinyl]-5-cyclopropylmethyioxyimidazd [4,5-b] pyridine (Example 23) . 
2-[2-(3,5-Dimethyl-4-methoxy)pyridylmethyisulfinyl]-5-cyclopropylmethyloxyimidazo[4,5-^ (Example 
24). 

2>[2-(4-Methoxy)pyridyImethylsulfinyi]-6-cyciopropylmethyloxyimidazo[4,5^b]pyridine (Example 25). 
2-[2-(3,5-Dimethyl-4Hnethoxy)pyridylmethy1sulfinyQ-6-(2,2,2-triflu (Example 
26). 

2-[2-(4-Methyl)pyridyImethyisuffiiiyi]-5-(2,2,3.3.4,4,44ieptafluorobutylo}^)imidazo[4.5-b]pyri (ExampI 
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30). 

2-I2-{3.5-Dlmethyl)pyridytmethylsulfinyn-6-n4ieptyloxylmldazo[4.5-b]^ (Example 33) 
til'il't^*"^^^^^^ (Example 34) 

B 

(i) Storage stability 

The storage stabifity of the present compounds pl was tested by allowing each test compound to stand 
under severe conditions (I.e., a temperature of 60" C and a relative humidity of 76%) for 8 days and then 
determining Its percentage of residue according to a thln-layer densltometric method (Bunseki Kagaku. to 
Vol. 23. No. 9. p. 1016. 1974). More specifically, upon completion of the severe treatment, 100 ug of each test 

?voT,mr^«Tio^?"^ ^^^^ P^^*^ ^ developed with a chloroformHBthanol mixture 

volurr^ ratio 10.1). The thln^ayer plate used for this purpose was a TLC Plate Aluminum Oxide 6OF264 
(manufactured by Merck Co.; 0.25 mm In thickness and 20 cm x 20 cm in size), and it was developed over a 
distance of 15 cm Then, using a Shimazu Two^wvelength Chromatoscanner CS-910 (manufactured by is 
Shimazu Selsakusho). the resulting spot was analyzed at a wavelength of 300^15 nm 

The results thus obtained are shown in Table 1 . For purposes of comparison, the percentages of residue of 
Omeprazole (at a measuring wavelength of 300 nm) and Compounds a and p (at a measuring wavelength of 
310 nm) were determined In the same manner as described above and are also shown in Table 1. 
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Table 1 





Storage stability (after treatment 
at 60 ^'C and 75% RH for 8 days) 


Test compound 


Percentage of residue 




3 . 




- 0 


^^WlUJ^ w U t ft VI M 


9 




98 




77 




99 




98 


CfXcunpj.^ / 


53' 


c*XelIupx6 O 


96 




92 


CtXoJupXo 


76 


CiXoIupX6 X o 


88 




93 


C«X3uipX6 XD 


87 


i:«Xcllnpx6 xo - 


90 


£X2Licipxe X / 


75 


Exaxapxe xo 


85 


. Exampxe x? 


78 


Exampxe zu 


72 


Example 21 


69 


Example 22 


57 


Example 23 


95 


Example 24 


94 


Example 25 


51 


Example 26 


92 


Example 30 


73 


Example 33 


89 


Example 34 


76 


Example 36 


68 



As is evident from Table t. it can b recognized that the present compounds p] have much b tter storage 
stability than Omeprazole and Compounds a and p. 

6 
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(il) Inhibitory effect on (H+ + K+) ATPase 

The Inhibitory eff ct of the present cornp unds |fl on («+ ATPase was tested by adding ach test 
conipound to a solution containing 300-500 p5, on a protein basis, of the enzyme. Incubating this r action 
mixture at 35-37° C for 5-30 minutes , and Ihen determining the residual activity of (H + + K+ ) ATPase present In 
the reaction mixture. The test compounds were dissolved In methanol or ethanol In advance and added to the 
reaction system In such an amount as to give a corrcentration of 1 x 10-3 M. The (H+ + K+) ATPase used In 
this test was prepared from fresh pieces of the fundus ventriculi of hog stomach according to the method of 
SaccomanI et ai. (The Journal of Biological Chemistry, Vol. No.23, p. 7690, 1976). The reslduaj activity of 
(H+ +K+) ATPase was determined by mixing magn^tim chloride and potassium chloride with the Incubated 
reaction mixture, adding adenosine triphosphata thereto. Incubating this assay mixture 37° C for S-15 minutes 
to effect an enzymic reaction, and colortmetrically determiriing the liberated inorgar>ic phosphate by use of an 
ammonium mo^bdate reagent. The initial cono«iArations of magnesium chloride, potassium chloride and 
aderu>8ine triphosphate were adjusted <to 2 mM, 29 nM «nd 2 tvM, tBspectlvely. Colorlmetric determinations 
were made at aivavelength of 360-400 nm. As acontreil aKperiFnefin. the residual activity of (H-f- + K-*-) ATPase 
waiB detenhnined by repeating the above-described prooedure wtthout adding any test compound to the 
reaction system. The results thust>btained'krB«l:iDwn1n Table 2. In this tetble, the inhibitory effect is Indicated 
by the degree of inhibition which was obtained calculating the difference t>etwe6n the measured value 
obtained In the control experiment and the measured value resulting from the addition of each test compound 
and expressing this difference asa peroentage t9f :the measured value otrtalned In the control experiment. For 
purposes of comparison, the Inhibitory effect of fOmeprazole and Compounds -a and p on (H+ + K+) ATPase 
was tested In the same manner as described above and i&xa results thus obtained are also shown in Table 2. 
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Table 2 
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Inhibitory effect on (H -i-K ) ATPase 




Test compound 


(at 1 X 10"^ M) 


10 




ueQiree oc xnniDXcxon 




Omeprazole 


38 • 7 


15 


Compound a 






Compound 3 


100 




Example 1 ' 


100 


2D 


Example 2 


96.6 




Example 3 


- 100 




Example 4 


100 


25 


Example 7 


9 8 « 8 




Example 8 


100 




Example 10 


90*0 


30 


Example 12 


98-5 




Example 13 


87.4 




Example 14 


100 


35 


Example 15 


98.5 




Example 16 


96.1 




Example 17 


93 .7 


40 


Example 18 


92.3 




Example 19 


100 




Example 20 


100 


45 


Example 21 


97.4 




Example 22 


94. is 




Example 23 


100 


SO 


Example 24. 


100 




Example 25 


92.9 




Example 26 


100 


55 


Example 30 


92-1 




Example 33 


95.4 




Example 34 


98.5 


60 


Example 36 


93.0 



As is evident from Table 2, it can be recognized that the in vitro inhibitory effect of the present c mpounds 
65 [1] on (H-f- -I-K+) ATPase Is much bett r than that of Omeprazole and is comparable to tliat f Compounds a 
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and p. 

(Ill) Inhibitory effect on gastric acid secretion 

The Inhibitory effect of the present compounds [1] on gastric add secretion was tested by using male Wlstar 
rats, weighing about 200 g, In groups of five, t these rats which had been fasted vemlght, th test 5 
compounds were orally administered in a series of appropriately selected doses ranging from 1 to 100 mg/kg. 
Then, the pyloric end of the stomach was llgated. After the lapse of 4 hours, the total acidity of gastric juice of 
each rat was measured. More specifically, the test compounds were suspended In a O.S^Vb aqueous solution of 
carboxymethyl cellulose and administered to the rats 30 nrrfnutes before ligation. Gastric Juice was collected by 
sacrificing and laparotomlzing each rat. The total acidJty of gastric juice was determined by titrating the gastric io 
Juice with a 0.1 N aqueous solution of sodium hydroxide until a pH of 7.0 was reached. As a control experiment, 
the total acidity of gastric Juice of an untreated group was determined In the same manner as described above. 
The Inhibitory effect of the test compounds on gastric add secretion was evaluated on the basis of the dose (In 
mg/kg) required to Inhibit gastric add secretion, Le. the total addtty of gastric jufee, by 500/o (hereinafter 
refen^d to as ED50). The EDso value of each test compound was determ^ed by cateulating the difference In 15 
total addity between the untreated group and each treated group, dividing the difference by the total acidity of 
the untreated group to obtain the degree of inhibition, and constructing a dose-response curve on the basis of 
the data thus obtained. The results are shown in Table 3. For purposes of comparison, the EDeo values of 
Omeprazole and Compounds a and P were determined In the same manner as described above and are also 
shown in Table 3. 20 
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Table 3 



5 


Test compound 


Inhibitory effect on gastric 
acid secretion (p«o*) 






ED^Q (mg/kg) 


10 






Omeprazole 


3^5 


16 


Compound a 


73 




Compound B 


41 




Example 1 . 


13 


20 


Example 2 


18 




Example 3 


9 




Example 4 


15 


25 


Example 7 


22 




Example 8 


12 




Example 10 


19 


30 


Example 12 


21 




Example 13 


18 




Example 14 


15 


35 


Example 15 


13 




Example 16 


16 




Example 17 


17 


40 


Example 18 


19 




Example 19 


11 




Example 20 


10 


45 


Example 21 


13 




Example 22 


15 




Example 23 


12 


SO 


Example 24 


9 




Example 25 


18 




Example 26 


15 


55 


Example 30 


19 




Example 33 


17 




Example 34 


14 


60 


Example 36 


19 



As is evident from Table 3, it can be recogniz d that th present compounds [i] exhibit a m re marlced In 
65 vivo inhibitory effect on gastric acid secretion than Compounds a and p. 
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(iv) Inhibitory eff cts on various experimental ulc rs 

The Inhibitory efTects of the present compounds [I] on various xperimental ulcers were tested l>y using 
male WIstar rats, weighing about 200 g, In groups of sbc 6nd determining the respective ulceration Index s for 6 
types of experimental ulc rs. In each test, the t st compounds were suspended In a 0.50/6 aqueous solution of 5 
carboxymethyl cellulose and administered orally In a series of appropriately selected doses ranging from 1 to 
100 mg/kg. The test procedures for 5 types of experimental ulcers were as follows: 

(Shay's ulcer) 

In rats which had been fasted for 48 hours, the pyloric end of the stomach was llgated and they were 10 
maintained for 14 hours v\dthout giving any food or water. Then, each rat was sacrfficed and the area of the 
ulcer(s) fonned In the f orestomach part was measured. The ulceration Index was calculated on the basis of the 
data thus obtained. The test compounds were administered 30 minutes before ligation. 

(Water-^merslon stress ulcer) 75 

Rats which had been fasted for 15 hours were Immobilized In stress cages and Immersed chest-deep in a 
water bath et 21**C. After 10 hours, each rat was sacrificed and the length of the ulcer(8) fonned In the 
glandular stomach part was measured. The ulceration Index was calculated on the basis of the data thus 
obtained. The test compounds were administered 10 minutes before exposure to the stress. 

20 

(Hydrochloric add-ethanol ulcer) 

To rats which had been fasted for 24 hours, a 150 mM hydrochloric acld-60(Vb ethanol mixture was orally 
administered in an amount of 0.5 ml per 100 g of body weight After an hour, each rat was sacrificed and the 
length of the ulcer(s) formed In the glandular stomach part was measured. The ulceration Index was calculated 
on the basis of the data thus obtained. The teat compounds were administered 30 minutes before ^ 
administration of the hydrochloric acld-ethanol mbcture. 

(Indomethacin ulcer) 

To rats which had been fasted for 24 hours, Indomethacin was subcutaneously administered In a dose of 25 
mg/kg. After 7 hours, each rat was sacrificed and the length of the ulcer(s) formed In the glandular stomach 30 
part was measured. The ulceration Index was calculated on the basis of the data thus obtained. The test 
compounds were administered 30 minutes before administration of Indomethacin. 

(Aspirin ulcer) 

In rats which had been fasted for 24 hours, the pyloric end of the stomach was. llgated. After 6 minutes. ss 
aspirin was orally administered thereto in a dose of 150 mg/kg. Seven hours after ligation, each rat was 
sacrfficed and the length of the ulcer(s) formed In the glandular stomach part was measured. The ulceration 
index was calculated on the basis of the data thus obtained. The test compounds were administered 30 
minutes before ligation. 

The pharmacological effect of the test compounds on each of the aforesaid experimental ulcers was 40 
evaluated on the basis of the dose (in mg/kg) required to inhibit the formation of ulcers by 50% (hereinafter 
referred to as IDso). The IDso value of each test compound was determined by calculatin the difference in 
ulceration index between the untreated group and each treated group, dividing the difference by the ulceration 
index of the untreated group to obtain the degree of inhlt>ltlon, and constructing a dose-response curve on the 
basis of the data thus obt£dned. The results are shown in Table 4. For purposes of comparison, the IDso values 45 
of Omeprazole and Compounds a and p were determined In the same manner as dsscrlbed above and are also 
shown In Table 4. 
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Table 4 



5 


^*<CMt compound 


Inhibitory effects on various 
experimental ulcers, ID^q (mg/kg) 




Experi- ^Ss,^^ 
mental ulcer 


Omeprazole 


Compound 
o 


expound 
p 


Example 

1 


Shay's ulcer 


30.3 


100 or 

greater 


42.0 


11.0 


15 


Wa t e r~ immer s ion 
stress ulcer 


39.7 * 


100 or 
greater 


63.3- 


26.4 




Hydrochloric acid- 
ethanol ulcer 


13.6 


63.3 


25.4 


5.1 


20 


Indomethacin ulcer 


24.7 


78.4 


29.5 


12.9 




Aspirin ulcer 


17.2 


100 or 
greater 


23.8 


6.3 



^^^^^*^^**TMt compound 

Experi- ^"^^^^ 
mental ulcer 


Inhibitory effects on various 
experimental ulcers, ID^q (n^/^^S) 


Example 
8 


Example 
13 


Example 
24 


Example 
26 


Example 
33 


Shay's ulcer 


15.1 


17.4 


10.8 


14.7 


19,2 


Wa t e r— imme r s io n 
stress ulcer 


34.2 


37.3 


27.0 


30.5 


35.1 


Hydrochloric acid- 
ethanol ulcer 


8.2 - 


9.6 


3.5 


. 7.9 


10.3 


Indomethacin ulcer 


18.8 


21.9 


13-1 


15.8 


23.2 


Aspirin ulcer 


10.7 


14.5 


5.4 


9.5 


12-6 



SO 



5$ 



60 



As Is evident from Table 4. It can b recognized that the present compounds {\\ have a very good Inhibit ry 
65 effect on various types of ulcers. 
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(v) Toxicity test 

The acute toxicity (LDeo) of several typical examples of the present compounds [I] (I.e., the compounds of 
Examples 1. 8, 13. 19. 24, 26 and 33) was tested with 5-weeks-old male Wlstar rats. The LDso values of all 
c mpoundswer greater than 4000 mg/kg in th case of oral admlnistrati n, and greater than 500 mg/kg In the 5 
case of Intraperitoneal administration. When Omeprazole was administered orally, Its LDso value was greater 
than 4000 mg/kg. 

In consideration of the results of the above-described tests, the present compounds tO may be said to be 
potent drugs useful for the treatment of gastric and duodenal ulcers and scarcely susceptible to Inacttvation 
during storage. 10 

The present compounds [i] can be admixed with conventional pharmaceutical carriers to form various typ6s 
of pharmaceutical compositions Including solid preparations such as tablets, capsules., granules, powders, 
fine granules, etc., and liquid preparattons such as injectable solutions, syrups, elixirs, suspensions, 
emulsions, etc. Solkf preparations may be coated so as to provkie them wAih enteric coatings. Uquld 
preparations niay be made by reacting one of the present compounds [I] with an ejkalfto Tbmi a physiologically 15 
acceptable salt thereof and then dissolving :4his salt In water, or by dissolving one bf the present compounds [0 
in an aqueous solution of an alkali. The ptiarmQceutical canriers used for these purposes may be selected 
according to the desired dosage form. Examples of the pharmaceutical carriers include exdpTents, binders 
and dislntegrants, such as com starch, dextrin^ -a-, or y-cydodextrtn, glucose, lactose, sucrose, 
mettiylceltulose, ethylcellulose, calcium carboxymethylcellulose, crystalline cellulose, magnesium stearate, 20 
sodium alginate, VVitepsol W35, Wltepsot E85. potyvkiyl alcohol, synthetic aluminunri sUlcate, etc.; lubricants 
and coating agents such as talc, waxes, hydroxypropyl cellulose, hydroxypropyl metfiylcenulose, hydroxyethyl 
methylcellulose, cellulose acetate phthalate, hydroxypropyl methylcellulose phthalate. polyvinyl albohoj 
phthalate, styrene^alelc anhydride copolymer, polyvinyl acetal diethylamlndacetafe, etc.; sdi)bltizlng agents 
such as glycerol, propylene giycol. mannltol. etc.; emulsifying or suspending agents such as potyoxyethylene ^ 
stearate, poiyoxyethylene cetyl alcohol ether, polyethylene glycol, polyvinyl pyrrolldone.' etc.; stabilizers such 
as sorblto), Tween 80, Span 60. fats and oils, etc.; and various solvents. 

The dosage level of the present compounds [I] varies with the age of the patient, the severity of the disease, 
and the like. However, they are usually used In a dally dose of 0.5 to 2000 nig, preferab^ 3 io 200 mg. for adults. 
This dally dose may be administered In one to six dMded doses, preferably in one to three divided dos^. so 

The present Invention Is further illustrated by the following Reference Examples and Examples. The 
Reference Examples illustrates the preparation of sulfide compounds. [II]. 

Reference Example A 

1.81 g (0.01 mole) of 2-mercapto-5-methoxylmldazo-[4,5-b]pyridlne and 1.92 g (0.01 mole) of 35 
2-chloromethyi-3,5-dimethylpyridlne hydrochloride were added to 100 ml of ethanol containing 1.12 g (0.02 
mole) of potassium hydroxide, and this mixture was heated under reflux for 2 hours. Upon cooling to room 
temperature, the resulting reaction solution was filtered to remove any insoluble matter, and the filtrate was 
concentrated under reduced pressure. The resulting residue was dissolved in 500 ml of chlprofonm, arid tills 
solution was washed with water, dried over antiydrous sodium sulfate and then evaporated to dryness under 40 
reduced pressure. The resulting residue was subjected to silica gel column chromatogr^hy using chloroform 
as the developing solvent. Thus, tiiere was obtained 2.20 g (73.3«yo yield) of 2-[2-(3,5-dlmethyl)-pyridylme- 
thylthlo-5-methoxylmIdazo[4,5-b]pyridlne In the form of coloriess crystals having a melting point of 175-176** C. 

The following 24 compounds were prepared In substantially the same manner as described above, except 
that the 2-mercapto-6-methoxylmida2o[4,5-b]pyridIne was replaced by 0.01 mole of each of the corresponding 45 
thiol compounds [ill] and the 2-chloromethyl-3,5-dImethylpyridine hydrocholoride was replaced by 0.01 mole 
of each of the corresponding pyridine compounds [IV]. 

2-[2-(3,5-Dlmethyl-4-metho)v)pyridylmethylthlo]-5-methoxylmlda2o[4,5-b]pyridlne, m.p. 154-155*C. 
2-[2-(3,4,5-Trimethyl)pyridylmettiylthlo]-5-methoxy1mldazo[4,5-b]pyridine, m.p. 150-15rc. 

2-[2-(4-Methoxy-5-methyl)pyridylmethylthlol-5-methoxyimidazo[4,5-b]pyridine, m.p. 160-162° C. SO 
2-[2-(4-Methyl)pyridyimethylthlo]-5-methoxylmldazo-I4,5-b]pyridine, m.p. 134-137"C. 
2-[2-(3.5-Dimethyl)p^dylmethylthlo]-6-methoxylmldazo[4,5-b]pyridlne, glassy material. 
2-[2-(4-Metiioxy-5-methyl)pyridylniethylthlol-7-methoxylmldazo[4,5-b]pyridlne, glassy material. 
2-[2-(3,4,5-Trimethyl)pyridylmethylthlo]^ttioxyimldazo[4,6-b]pyridlne, m.p. 127-128"C. 

2-[2-(3,4.5-Trimethyl)pyridylmethylttiio]-7-ethoxylmidazo[4,5-bl|:^dlne, m.p. 132-136°'C. 55 
2-[2-(3,5-DImethyl)pyrldylmetiiylthio]-5-lsopropyloxyimldazoI4.5-b]pyridine, m.p: 159-160"C. 
2-[2-(4-Methyl)pyridv1methytthlo]-5-sec-butyio)^mldazo[4.5-b)pyridlne, glassy material. 
2-[2-(3,4,6-Trimethyl)pyridylmethylthlo-5-n-butyloxylmlda20[4,5-b]pyridlne, m.p. 1 19-120" C. 
2-[2-(4-Methoxy-^methyl)pyridylmettiyithlol-5-cyclopropylmethyloxylmldazo[4,5-b^ m.p. 159-161*C. 

2-[2-(3,5-Dlmethyl)pyridylmetfiylthlo]-6-ethoxylmldazo[4,5-b]pyridine, m.p. 146-14r'C. 60 
2-[2-(3.5-DImethyl-4-methoxy)pyridylmethylthio]-5-isopropyIoxylmldazo[4.5-b]pyridlne, m.p. 130-133**C. 
2-[2-(4-Methoxy-5-methyl)pyridylmethylthlo]-6-isopropyloxylmldazo[4,5-b]pyridlne, m.p. 92-94® C. 
2-[2-(4-Methoxy)pyridylmetiTylthlo]-5-isopropyloxyimida2Q[4,5-b]pyridine. m.p. 134-136**C. 
2-[2-(3.5-Dlmethyl)pyridylm thylthlo]-5-n-propyloxylmidazo[4,5-b] pyridine, m.p. 116-1 17° C. 
2-[2-(3.5-DlmethJi)pyridylmethylthlo]-5Hsobutyloxyimidazo[4,5-b]pyridlne, m.p. 1 39-141 °C. 65 
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2-[2-(3,5-DimethyI-4^Tiethoxy)pyridylmethylthlo]-5-lsobutyIoxyimidazo[4,^^ m.p. 132-135''C. 

2-[2-(4-Methoxy-5-methyl)pyridylmethytthlol-5HSObutylo3^mldazo[4.5-b] , m.p. 153-164"C. 

2-[2-(4-Methoxy)pyridylmethylthio]-6-lsobutyloxyim!dazo[4,5-b]p^ m.p. 119-122*'C. 
242-(3,54)imothyl)pyridylmethyithiol-5-cyclopropylmethyio)cylmito , m.p. 126-128**C. • 

5 2-I2-(3,54)imethJi-4-methoxy)pyridylmethylthfo]-6^ [4,5-b]pyridin . 

m.p. 150-153'C. 

242-(4-Methoxy)pyridytmethylthlo]-5-cydopropylmethytoxyimida20t4,^^ m.p, 116-117**C. 

Reference Example B 

10 2.50 g (0.01 mole) of 2-fTiercapto-5-(2^^-trffluoroetho>cy)imldazo[4,5-b]pyridlne and 2.22 g (0.01 mole) of 
2-chloromethyI-4-methoxy-3,5-dlmethylF^dlne hydrochloride were added to 100 ml of ethanol. and this 
mixture was stln^d at 60*C for 2 hours. After the resulting reaction solution was concentrated under reduced 
pressure, 150 ml of a saturated aqueous solution of sodium hydrogen carbonate was added to the residue. 
This nitxture was stined and then extracted with 300 ml of chloroform. TTie extract thus obtained w^ dried 

15 over anhydrous sodium sulfate and then evaporated to dryness under reduced pressure. The desired product 
was isolated and purified by subjecting the resulting residue to silica gel column chromatography using a 50:1 
mixture of chloroform and ethanol as the developing solvent. Thus, there was obtained 3.25 g (81 -50/5 yield) of 
2-[2-(3.5-dimethyl-4HTiethoxy)pyridylmethylthIo]-5-{2.2,2-trifluoroethoxy)-lmidazo[4.5-W In the form of 

coloriess crystals having a melting point of 178-180° C. 

20 The following 1 1 compounds were prepared in substantially the same manner as described above, except 
that the 2-mercapto-5-(2,2.2-'trifluoroethoxy)imida2o[4,5-b] pyridine was replaced by 0.01 mole of each of the 
con-espondlng thiol compounds [III] and the 2'Chloromethyi-4-methoxy-3.6-dimethylpyridine hydrochloride 
was replaced by 0.01 mole of each of the corresponding pyridine compounds [IV]. 
2-[2-(3.5-Dimethyl)pyridylmethylthloJ-5-(2,2.2-trifluoroethoxy)lmidazo[4,5-b]pyridine. m.p. 173-174'' C. 

^ 2-[2-(3.4,5-Trimethyl)pyridylmethylthioI-6-(2,2,2-trifIuoroethoxy)imida2o[4.6-b]pyridine, m.p. 145-148''C. 

2-[2-(4-Methoxy-5-methyl)pyridylmethylthio]-7-(2,2.2-trifluoroethoxy)imidazo[4.5-^^ m.p. 157-159*C. 

2-[2-(4-Methyl)pyridylmethylthlo]-5-(2.2,3.3.4A4-heptafluorobutyloxy)imida20[4,5-b]pyridine. glassy material. 
2-[2-(3,5-Dimethyl)pyridylmethylthlo]-5-n-pentyloxyimldazo[4,5-b]pyrldlne. m.p. 101-103*'C. 
2-[2-(3,4.5-Trimethyi)pyridylmethylthioJ-6-n-hexyloxyimidazo[4.5-b]pyridine. m.p. 96-99° C. 

30 2-[2-(3.5-Dimethyl)pyridyimethylttiio]-5-n-heptyloxyimidazo[4,5-b]pyridine, m.p. il9-120''C. 

2-[2-(3.6-Dimethyl)pyridylmethylth!o]-5-(3-methylbutyloxy)imidazoI4.5-b]pyridine, m.p. 101 -104° C. 
2-[2-(4-Methoxy-5-methyl)pyridylmethyIthio]-7-(2A4-trimethylpentyloxy)imidazo[4,5-b]pyridine. glassy ma- 
terial. 

2-[2-{3.5-DimethyM-methoxy)pyridyimethylthio]-6-(3- cyclopentyipropyloxy)lmidazo[4,5-b]pyridine, glassy 
35 material. 

2-[2-(4-Methyl)pyridylmethytthio]-7-cyclohexylmethyloxylmlda2oI4,5-blpyridlne, glassy material. 
Example 1 

1.50 g (0.005 mole) of 2-t2-(3,5-dlmethyl)pyridylmethylthlo]-5-methoxyimidazo[4.5-b]pyridine was dissolved 
40 In 150 ml of chloroform. To this solution was slowly added 0.86 g (0.005 mole) of m-chloroperbenzolc acid at 
0-5*C, followed by stirring at that temperature for 10 minutes. While the resulting reaction solution was being 
kept at 0-5** C, 30 ml of a 50/o aqueous solution of sodium hydrogen carbonate was injected thereinto and 
mixed therewith. Thereafter, the chloroform layer was separated, dried over anhydrous sodium sulfate, and 
then evaporated to dryness under reduced pressure. The resulting residue was recrystalllzed from ethyl 
45 acetate to obtain 1 .18 g G^4.7<yo yield) of 2-[2-(3.5-dlmethyl)pyridylmethylsuIfinyl]-5-methoxylmldazo[4,5-b]py- 
ridine In the form of coloriess crystels. This product had a melting point of 175-177°C. 
Infrared absorption spectrum (KBr, cm-^): 10e0(S=O). 

Analysts: 

SO Calcd. for C16H16N4O2S (Vp) C. 56.94; H. 5.10; N, 17.71 
Found (0/0) C. 57.03; H, 5.04; N. 17,82 

Examples 2-37 

The compounds listed In Table 5 were prepared In substantially the same manner as described In Example 1, 
55 except that the 2-[2-(3.6-dimethyl)pyridylmethytthio]-5-methoxyimldazo[4,5-b]pyridlne (0.005 mole) was 
replaced by each of the corresponding sulfide compounds [IQ (0.005 mote), and the reaction temperature and 
the reaction time were suitably modified. These compounds were obtained in a yield ranging from 72.4iVb to 
90.8<Vb. 
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Now, the preparation of several pharmaceutical compositions containing th present compounds [i] wlli be 
described hereinbelow. 
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% by weight 



(1) 


Compound o£ Example 1 


25.0 


(2) 


Lactose 


41-.0 


(3) 


Corn starch 


15.0 


(4) 


Crystalline cellulose 


15.0 


(5) 


Hydroxypropyl cellulose 


3.0 


(6) 


Maanesium stearate 


1.0 



100.0 

IS 



The above Ingredients (1)-(6) were blended together. After the addWon of water, the resulting mixture was 
granulated and then dried. The granules so fomned were adjusted to a predetermined size range, and the 
Ingredient (6) was added thereto. The resulting mixture was compressed to form tablets each containing 100 ^ 
mg of the active ingredient. 

(Capsules) 







% by weiqht 


(1) 


Compound of Example -24 


25.0 


(2) 


Lactose 


50.0 


(3) 


Corn starch 


20.0 


(4) 


Hydroxypropyl cellulose 


3.0 


(5) 


Synthetic aluminum silicate 


1.0 


(6) 


Magnesium stearate 


1.0 


100.0 



According to conventional procedure, the above Ingredients were blended together and then granulated. 
The granules so formed were filled Into capsules, each of which contained 100 mg of the active ingredient 



Claims 

1 . An imidazo[4^b]pyridine compound of the general formula 

Where RMs a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted 
with a cycioalkyi group) or a fluoroalkyloxy group of 2 to 4 carbon atoms. Is a hydrogen atom, a methyl 
group or a methoxy group, and R3 and are each a hydrogen atom or a methyl group and may be the 
same or different 

2, A compound as claimed In claim 1 wherein the straight-chain or branched alkoxy group Is selected 
from the group consisting of methoxy, ethoxy, Isopropyloxy. n-propyloxy. sec-butyloxy, Isobutyloxy, 
n-butyloxy, n-pentyloxy, 3-methylbutyl xy, n-hexytoxy. n-heptyloxy, 2,4,4-trimethylpentyloxy. cycl pro- 
pylmethyioxy. 3-cyclopentylpr pytoxy and cycl hexytmethyloxy, or the fluoroalkyloxy group is selected 
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from the group consisting of 2.2.2-trifluoroeth xy and 2A3,3,4,4,4-heptafluorobiJtyloxy. 

3. A compound as claimed In either of ciaims 1 and 2 wherein the substituted pyridy! gr up represented 
by the general formula 



is selected from the group consisting of 2-(3,5-dimethyl)pyridyl, 2-(3,5-dimethyl-4-methoxy)pyridyl, 
2-(3.4.5-trimethyi)pyridy1, 2-(4-methoxy-5-metIiyI)pyridyl. 2-(4-methoxy)pyridyl and 2-(4-methyl)F^iidyl. 

4. A compound as claimed in claim 1 which Is any one of the following compounds, 
2-t2-(3,5-dimethyl)pyridy!methylsumnyr|-5-methoxyimida2o[4,5-b]pyridine, 
2-(2-(3,5<limethyl-4-methoxy)pyridylmethylsulfinyl]-6Hrnethoxylmldazo[4,54>]pyridi 
2-[2-{3A5-trlmethyl)pyridylmethylsulfinyl]-5-methoxyimidazot4,5-b]pyridine, 
2-[2-(4-methoxy-5-methyl)pyrldylmethylsumnyl]-6-methoxyimida2o[4,5-^^ 
2-[2-(4-methoxy-5-methJl)pyridylmethylsurflnyl]-7-methoxyimlda2o[4,5-b]pyrl^ 
2-[2-(3,4,5-trimethyl)pyridylmethylsulfinyl)-5-ethoxyimidazo[4.6-b]pyridine, 
2-[2-(3,5-dlrnethyl)pyridylmethylsulfinyri-6-lsopropyloxylmlda2o[4,5-b]pyridine, 
2-[2-(3A5-trimethyi)pyridylmethylsumnyl]-5-n-butyloxyimidazo[4,5-b]py^ 
2-[2-^4-methoxy-5-methyl)pyridyImethylsumnyQ-5"Cyclopropylmethylo3^ 
2-{2-(3,5-dimethyl)pyridyimethylsulfinyfl-5-ethoxyimidazo[4,5^]pyridine. 
2-[2-(a.5-dimeth>i-4-methoxy)pyridylmethylsulfinyl]-^isopropylox^ 
2-[2-(4-^nethoxy-5-methyl)pyridylmethyIsuifinyO-5-lsopropyio5^midazo[4,5^ 
2-[2-(4-methoxy)pyridylmethylsulfinytI-5*-isopFopylo^midazo[4.5-b]pyridine, 
2-[2-(3.5<limethy1)pyridytmethylsumnyl]-5Hfi-propyloxyim]dazo[4^-b]pyrM 
242-^3,5-dimethyl)pyridylmethylsulfiriyQ-5-lsobutylox3^midazo[4,5-b]pyridi 
2-[2-(3.5Hdlmethyl-4-methoxy)pyridylmethylsulfinylI-^isobutylo)(yimidazo[^ 
242-(4HTiethoxy-5-methyl)pyrictylmethylsumnyn-5-isobutyio)^mida2o[4^5-b]pyridir« 
2-[2-(4-methoxy)pyridyimethyisulfinyl]-6-isobutyloxyimidazo[4,5^b]pyridlne, 
2-[2-(3,6-dimethyl)pyridylmethylsumnyl]-5-cyclopropylmethoxytmidazo[4,54>]pyridi 
2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylsulfinyl]-5H:ydopropylmethyloxyimidazo 
2-[2-(4-methoxy)pyridylmethirtsulfinyn-5H3yclopropylmethyIoxyimldazol4.5-b]p 
2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylsulflnyl]-6-(2.2,2-trffluoroethoxy)imidazo[4^ 
2-[2-(4-methyI)pyridylmethylsumnyl]-5-(2,2,3.3,4A4-heptafluorobutyloxy)lmldazo[4,54)]py^ 
2-[2-{3,5-dlmethyl)pyridylmethylsulfinyl]-5-n-heptyloxyimida20[4.5-b]pyridine, 
2-[2-(3,5<Jimethyl)pyridylmethylsulfinyl]-5-(3-methylbutyloxy)imldazo[4.5-b]pyridineor 
2-[2-(3,6-dimethyl-4-methoxy)pyridylmethyfsumnyl]-6-(3-cydopenty!propyloxy)lm[dazo[4.^^ 

5. A process for preparing an imidazo[4,5-b] pyridine compound of claim 1 wherein a sulfide compound 
of the general formula 



where R"" , R^ and R* are as defined in claim 1 is oxidised in the presence of a solvent and with the aid 
of an oxidising agent 
6. A sulfide compound of the general formula 





H 
N 





R 
N 



N 




N 
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where is a straight-chain or branched all<oxy group of 1 to 8 carbon atoms (whfcli may be substituted 
with a cyc1oall<y1 group) or a fluoroalkyloxy group of 2 to 4 carbon at ms, R2 Is a f^drogen atom, a methyl 
group or a methoxy group, and R3 and R^ are each a tiydrog n atom r a methyl group and may be the 
same or different. 

7. A compound as claimed In claim 6 which I any n of the following compounds, 
2-t2>(3,6-dimethyl)pyridylmethyithlo]-5-methoxyfmldazoi;4.5-b]pyrldlne, 
2-[2-(3,5Kiimethyl-4-mathoxy)pyridylmethylthio]-6Hneth6xyimidazo[4.5-blpy]ridine, 
2-[2-(3,4,5-trimethyl)pyridyimethyithlo]-5-methoxyimidazo[4.6-b]pyridlne. 
2-I2-(4-methoxy-5H7iethyl)pyridylme1hyithio3-6-methoxylmldazo[4,6-b]p^ 
2-[2-(4-m8thyl) pyridylmethyithio]-5-methoxyimlda2o[4.5-b] pyridine. 
2-[2-{3,5-dimethyl)pyridylmethylthio]-6-methoxyimidazo[4.5-b]pyrldlne. 
2-[2-{4-methoxy-5-methyl)pyridy1methylthio]-7HTiethoxyimidazo[4.&-blpyridih^ 
2-I2-{3.4.6-trimethyl)pyridylmethylthio]-5-ethoxyfmldazo[4,5-bJpyridine. 
2-[2-(3.4.5-trimethyl)pyridylmethylthlo]-7-ethoxyfmidazo[4,5-b]pyrldlne. 
2-I2-(3,5-dimethyl)pyridyimethyrmio]-5-isopropyloxylmidazo[4,5-b]pyrldlne, 
2-[2-(4-methy!)pyrldyImethylthio]-5-si0c4>utyloxyimida2o[4.5-b]pyrldlne, 
2-[2-{3,4,6-trlmethyl)pyrldylmethytthlo]-5-n-butyloxyimldazo[4.6-bJpyridine, 
2-I2-(4-methoxy-5HTiethyl)pyridylmethylthio]-5K:ydoprop^ 
2-[2-(3.5-dimethyl)pyrldylmethytthlo]-5-ethoxyimidazo[4.5-b]pyridine. 
2-[2-(3.5-dimethyl-4-methoxy)pyridytmethytthio]-6HsopropyloxylmldazoI4^]pyrid^ 
2^2-(4-methoxy-5-methyl)p3^dymethylthIo]-Wsopropyloxyimidazol4.5-b]p^ 
2H2-(4-methoxy)pyridylmethytthio]-Wsoprof^oxylmldazo[4.6-b]pyridlrw, 
2-[2-(3,5-dlmethyi)pyridylmethyIthio]-6-n-propylo)^midazo[4,5-b]pyridine. 
2-[2-(3.5-dlmethyl)pyridy!methytthlo]-6-lsobutyloxylmlda2o[4^]pyrldlne, 
2-[2-(3.5<iimethyl-4-methoxy)pyrWylmethylthlo]-6-lsobutyloxylmldazo[^^ 
2^2-(4-methoxy-5^Tlethyl)p3^dyIme^thylthio]-6^sobutyloxylmlda2^ 
2-[2^4-methoxy)pyrklylmethylthlo]-5-lsobutyloxytmida2o[4^]pyrldine, 
2-[2-(3.5Kjlme^yl)pyridytmethytthlo]-6H:^lopropylnrathyloxylmldazo[^ 
2-[2-(3,5-dimethyl-4Hnethoxy)pyridylmethytthio]-5-cyclopropylmethyloxyimida^^ 
2-[2-{4-methQxy)pyrldylmethyfthlo]-5-cyclopropyImethyioxylmida2o[4,5^ 
2-[2-(3,5-dimethyl-4Hnethoxy)pyridylmethyithio]-6-(2,2,2-trffluoroet^ 
2-I2-{3.5<limethyl)pyridylmethylthio]-6-(2^.2-trlfluoroethoxy)imida2o[4.5-b]pyri 
2-I2-(3.4.5-trimethyl)pyridylmethytthloJ-6-(2^^-trlfIuoroethoxy)imldazo[4,5-b]pyrid^ 
2-[2-(4HTiethoxy-^methyl)pyridylmethylthio]-7-(2.2.2-trmuoroethoxy)lmidazo[4,5-^^ 
2-[2-(4-methyl)pyridylmethylthlo]-5-(2.2.3,3A4,4-heptafluorobutyloxy)imidazo[4.54)]py^ 
2^2-(3,6<iimethyl)pyrldyimethylthlo]-5Hiirenftyloxyinftida20l4.54)]pyiW 
2-[2-(3.4,5-trfmethyl)pyrldylmethyfthloI-6Hi-hexyIoxylmidazo[4,5-b]pyridine, 
2^2'^3.5Hilmethyl)pyrldylmethylttilo]-5-n-heptyloxyimidazo[4.5-b]pyridkie, 
2-[2-(3.6Hdlmethyl)pyridylmethyithlo]'5-(3-methylbutyloxy)imid^^ 
2-[2-(4HTiethoxy^methyl)pyridylmethylthlo]-7-(2.4.4-trimethylpentyloxy)lmtdazo[4,5-b^ 
242-(3.5<llmethyl-4-methoxy)pyridylmethyimio]-€-(3-cydopentylpropyIo)cy)^ or 
2-I2-(4-methyl)pyridyImethylthlo]-7-cyclohexylmethyloxyimldazo[4.5-b]pyr1dine. 

8. A pharmaceutical composition comprising an lmldazo[4.5-b] pyridine compound of claim 1 . 

9. A pharmaceutical composition as claimed In claim 8 where the imidazo[4,5-b]pyridine compound of 
claim 1 is selected from the group consisting of 

2-[2-(3.5-dimethyl)pyrldylmethylsulfinyl]-^-methoxylmlda20[4,6-b]pyrid[ne, 

2-t2-(3.5-dimethyl-4-methoxy)pyridylmethyIsuiflnyl]-5-methoxyimldazo[4,6-b]pyridlne, 

2"[2-(3,4,5-trimethyl)pyridyImethylsulflnyl]-5-methoxylmida2o[4,6-b]pyridlne, 

2-I2-(4HTietho)cy-5HTiethyi)pyridyImethiylsuifinyl]-6HTiethoxyimldazo{4,6^ 

2-I2-(4-methoxy-6-metiTyl)pyridyImethylsumnyi]-7-methoxylmldazo[4.6-b]pyrldine, 

2-[2-(3,4.5-trimethyl)pyridyimetlTyisufRnyi]-5-ethoxy1mlda2o[4,5-b]pyrldine, 

2-[2-(3,5Kllmethyl)pyridylmethyIsumnyl]-5-lsopropylo)cylmlda2o[4.5-b]pyridine, 

2-[2-(3,4,5-trimeth3^)pyridyimethylsuffinyl]-5-n4)Utyloxylmidazo[4.5-b]pyridine. 

2-[2-(4-methoxy-^-methyl)pyridylmethylsulfinyl]-5-cycIopropy1methylox^ 

2-[2-(3.5-dlmethyl)pyridyimethylsumnyl]-6-ethoxyimldazo[4.5-b]pyridine. 

2-[2-(3.5-dimethylwiHTiethoxy)pyridylmethyisuiflnyll-5-isopropyloxyimidazo[4,64>]pyr^ 

2-[2-(4-methoxy-5-methyl)pyridylmethylsulfinyn^lsopro|^lo)^mld 

2-[2-(4-methoxy)pyrldylmethyisuiflnyl]-5-isopr6pyloxyimida20[4.5-b]pyridine, 

2-I2-(3.5<llmethyl)pyridylmethylsuiflnyl]-^-propyIoxylmida2o[4.5-blpyrldIne, 

242-(3.5-diniethyl)pyridylmethylsulfin>1]-WsobutyloxyimldazoI4,5^^ 

2K2-(3.5-dimethyl-4-methoxy)pyridylmethylsufflnyll-5^sobutyloxylmlda2oI4,54)]pyM 

2r{2-(4-methoxy-5-methyl)pyric^methylsulfinyl]-^ lsobutyloxylmldazo[4,5-b]pyiridine. 

2'{2-(4-methoxy)pyridytmethylsumnyl]-6-isobutyloxyimidazo[4,5^^ 

2-{2-(3,5<limethyl)pyridyimethylsuIfinyl]-5K;yclopropylmethyloxylmldaz 

2-{2-^3,5Klim9thyl-4-methoxy)pyridylmethylsumnyl]-6-^ xylmlda2o[4,5-blpyrldin . 
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2-[2-{4-methoxy)pyridyfmethylsulfinyl-5-cyclopropylmethylox^midazot4,6-b]pyridlne. 
2-[2-{3.5-dimethyI-4-methoxy)pyridyImethylsulfinyll-^(2,2^-triflu ro thoxy)imidazo[4,5-b]pyridIne, 
2-[2-(4-methyl)pyridylmethy!sumnyl]-6-(2,2,3,3,4,4,4-heptaflu robutytoxy)imidazo[4,5'b]pyridine, 
2-[2-(3,5-dlmethyl)pyridylmethylsulfinyl]-5-n-heptyl xyimida2o[4,5-b]pyridln , 
2-[2--(3,5-dimethyJ)pyridylmethytsumnyl]-5-(3-methylbutyloxy)im and 
2-[2-{3,5-dimethyl-4-methoxy)pyridylmethylsumnyq-6-(3-cyd 

1 0. The use of a compound as claimed In any of claims 1 to 4 for the manufacture of a medicament for the 
treatment of gastric and/or duodenal ulcers. 

Claims for the following contracting states: Spain, Austria and Greece 

1 . A process for preparing an imidazo[4,&-blpyridine compound of the general formula 
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N O 



where is a straight-chain or branched alkoxy group of 1 to 8 carbon atoms (which may be substituted 
with a cycioali^ group) or a fluoroall<yioxy group of 2 to 4 carbon atoms, is a hydrogen atom, a methyl 
group or a methoxy group, and R^ and R^ are each a hydrogen atom or a methyt group and may be the 
same or different, wherein a sulfide compound of the general formula (1) 
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(1) 



(where R'*, R^, and R^ are as previously defined) is oxidised in the presence of a solvent and with the 
aid of an oxidizing agent. 

2. A process as claimed in claim 1 wherein the compound of formula (I) is obtained by condensing a 
thiol compound of general formula (II) 



(II) 
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(wherein Ri Is as defined in claim 1) wfth a pyridine compound of general formula (III) 
.3 




N-HCl 



(III) 



(wherein R^, RS and R^ are as defined In claim 1 ) in a solvent, optionally in the presence of a base. 

CO 3. A process as claimed in claim 2 wherein the pyridine compound of formula (III) is used in an amount 

equimolar to the thiol compound of formula (II) and, if present, the base is used in an amount of 2.0 to 3.0 
moles per mold of the thiol compound, the condensation reaction being carried out at a temperature of 
from 10 to 200"C for a period of from 1 minute to 12 hours; and thereafter the oxidizing agent is used In a 
amount of 1.0 t 1.3 moles per mol of th sulfide compound obtained, and the oxidation reaction Is 

55 carried out at a temperature of from -70 to 30** C for a period of from 1 minute to 24 hours. 



26 



0 254 588 



4. A pr cess as claimed In claim 2 r claim 3 wh re the s Ivent for the condensation step Is selected 
from the group consisting of methanol, ethanol, propand, butanoi, dimethylformamide, dimethyl 
sulfoxld . water and mixtures of two or more such s Ivents, and the solvent for the xldation step is 
selected from the group consisting of chloroform, tetrachloroethane, methanol, methanol, butanol and 
mixtures of two or more such s Ivents. 

5. A process as claimed In any of claims 2 to 4 where the i>ase Is selected from the group consisting of 
sodium hydrogen carbonate, sodium carbonate, potassium carbonate, sodium hydroxide and potassium 
hydroxide. 

6. A process as claimed In any preceding dalm where the oxidizing agent is selected from the group 
consisting of m-<;hioroperbenzoic acid, perbenzolc acid and peracetic acid. 

7. A process as claimed in claim 1 where the straight-chain or branched aii<oxy group selected from 
the group consisting of methoxy, ethoxy, isopropyloxy. n-propyloxy, sec-butyloxy, Isobutyloxy, 
n-butyloxy, n-pentyloxy. 3-methylbutyloxy, n-hexyloxy, n-heptylo)^, 2,4.4-trimethylpentyloxy, cyclopro- 
pylmethyloxy. 3-cyclopentylpro|:^oxy and cydohexylmethylo)^, or the fluoroalkyloxy group is selected 
from the group consisting of 2,2,2-trifiuoroethoxy and 2,2,3,3,4,4,4-heptafluorobutyiQxy. 

8. A procesis as claimed In claim 1 where the substituted |^dyl.grot4> represented by the general 
formula . . 



is selected from the group consflsting of 2-(3.5-dlmethyI)pyridyl, 2-(3.5-dlmethyl-4-methoxy)pyrldyi. 
2-(3.4.6-trimethyl)pyridyl, 2-{4-methoxy-5-methyl)pyridyI. 2-(4-methoxy)pyridyl and 2-(4-methyl)pyTldyl. 

9. A process as daimed in claim 1 where the lmidazo[4,5-^]pyridine compound is selected from the 
group consisting of 

2-[2-(3.&<llmethyl)pyridylmethylsulflnyl]-5-methoxylmldazo[4,5-b]pyridine, 

2-[2-(3,5Kllmethyl-4HTiethoxy)pyridylmethylsulflnyi]^methoxyimldazo[4.5H3]py^ 

2-I2-{3.4.5-trlmethyl)pyrldyImethylsulflnyf]-5-methoxylmlda2o[4,5-b]pyridlne. 

2-[2-{4-methoxy-5-methyI)pyridylmethylsulfinyl]-5methoxylmldazo[4,54)]py^ 

2-[2*(4methoxy-*6Hrnethyl)pyridylmethyisulfinyl]-7-met^^ 

242-(3,4,5-tr1methyl)pyrtdytmethyt8umnyl]-^ethoxytmldazoI4,54>]pyr^ 

2-[2-(3,5-dlmethyl)pyridylmethylsulfinyl-5-isopropylo 

242-(3.4,5-tr1metrv^)pyridytmethylsumriyl]-5Hi-butylo>^ 

242-(4HTiethoxy-5-methyl)pyridylmethyisutfinyn-5-cyclopro 

2-(2-(3.5-dimethyf)pyridylmethylsulfiriyl]-6-ethoxyimIdazo[4,5~b]pyridine, 

2-[2-(3.5-<limethyl-4-methoxy)pyridylmethylsulflnyl]-5-lsopropyloxylmlda2o[4.5-^ 

2-[2-(4methoxy-^methyl)p]^dylmethyisuIfinyl]-6^sopropyloxyimidazo[4,5-^ 

2-t2-(4-methoxy)pyridyimethylsulfinyI]-5-isopropyloxyimidazo[4,5-bIpyridlne. 

2-[2-(3.6-dImethyl)pyridyimethylsumnyll-5Hi-propyioxyimidazo[4.6-b]pyrldIne, 

2-[2-(3.5Hiimethyl)pyridylmethylsumnyll-Wsobutyioxylmidazo[4,5-b]pyridl^ 

2-[2-(3,5-dimethyl-4-methoxy)pyridylmethylsulflnyi]-5^sobutyloxylmlda2o[4.5-b]pyri 

2-[2-(4methoxy-5-methyl)pyi1dyImethylsulfinyi]^isobutyioxyimidazo[4,5^^ 

2-[2-(4-methoxy) pyridyimethyisulfinyl]^-isobutyloxyImldazo[4,54>] pyridine. 

2-[2-(3.5-dlmethv1)pyridyImethyisuifinyl]-5-cyclopropylmethyloxyimidazoI4,5-b]pyridlne. 

2-[2- (3,5-dimethyI-4-methoxy)pyrldylmethylsulfinyl] -5-cyclopropylmethyloxylmIdazo [4,5-b] pyridine, 

2-[2-(4methoxy)pyridylmethyIsulfinyn-5-cyclopropylmethyloxyimIdazo[4,5-b]pyrld1ne, 

2-[2-(3,6KJimethyi-4-methoxy)pyridylmethylsulfinyl]-5-(2.2,2-trlfiuoroethoxy)lmldazo[^^^ 

2-[2-(4-methyl)pyridylmethylsulflnyl]-5-(2,2,3,3,4,4.44ieptafluorobutyloxy)imidazo[4,5^ 

2-[2-(3,5-dimethyl)pyrldylmethyisulfinyi]-6-n-heptyloxyimlda2o[4.5-b]pyrldine, 

2-[2-(3,5-dimethyl)pyridylmethyIsuifinyi]-6-(3-methylbutyIoxy)lmidazo[4,5-b]py^ and 

2-[2-(3.5-dimethyl-4HTiethoxy)pyridylmethylsulfinyl]-6-(3-cycIopentyIpropyloxy^ 

10. A process for preparing a pharmaceutical composition useful for the treatmerit of gastric and/or 
duodenal ulcers which comprises Incorporating an lmidazo[4,5-b] pyridine compound as defined in 
claim 1 with one or more physiologically acceptable pharmaceutical carriers. 

11. A process for preparing a pharmaceutical composition as claimed in claim 9 where an 
imidazo[4.5-b]pyridlne compound is selected from the group consisting of 
2-I2-(3,6-dimethiyl)pyridyjmethyIsulflnyl]-5-methoxtImidazo[4.5-b]pyridlne. 
2-t2-(3,5Klimethyl-4-methoxy)pyridyimethylsumnyi]-5HTiethoxylmldazo[4,64>]p^^ 
2-[2-(3,4.6-trimethyl)pyridylmethylsulifinyO-5-methoxyimldazo[4,5-b]pyridlne, 
2-[2-(4-methoxy-^methyl)pyridyimethylsuffinyl]-^methoxyimldazo[4,6-b]pyrldlne. 
2-[2-(4"methoxy-&-mett^)pyridylmethylsutfinyl]-7-m thoxyimidazo[4,5-b]pyridlne, 
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2-[2-(3A5-trimethyl)pyridy!methylsumnyl]-^-'ethoxyimidazo[4,5-b]pyridln 

2-[2-(3.5-dimethyl)pyridylmethylsumnyl]-5-lsopropyloxylm!dazo[4.5-b]pyridM , 

2-[2-(3.4,6-trimethyl)pyrldylmethylsulfinyl]-^n-birtyIoxy! , 

2-[2-(4^meth xy-5-methyl)pyridylmethylsuIfinyl]-5-cyclopropylmethyIo)^mldazoI4,6-b]pyri^ 

2-[2-(3.5-dlmethyl)pyridylmethylsulfinyl]-5-ethoxyimidazot4.5-b]pyri^ 

2-t2-(3.5KJImethyl-4-methoxy)pyridylmethylsulfirTyl]-5-lsopropylo^ 

2-[2-(4-methoxy-5Hrnethyl)p]^dylm©thylsufflnyn-5"isopropy!oxy^ 

242-(4-methoxy)pyridyimethyIsutflnyn-6-lsopropyloxyimidazo[4,5-b]pyri^ 

2-[2-(3.5-dimethyI)pyridyfmethylsumnyfl-6Hi-propylo>^m!dazot4,5-b]pyridi^ 

2-[2-(3,5-dimethyl)pyiic^methylsumnyl]-^sobutyloxyimldazoI4.^ 

2-[2-(3.5<5imethyl-4-methoxy)pyridytmethylsumnyl]-5-lsobutyloxy!raida^^ 

2-P-(4-methoxy-5-methyl)pyridylmethylsuIfinyll-5-isobutylo>^mI^ 

2-[2-(4HTiethoxy)pyridyfmethy)sumnyl]-5-isobutyloxyimidazo[4.543]pyridin 

2-[2-(3,5<llmethyl)pyrldylmethylsumnyl]-5-cyclopropylmethyloxyfm 

2-t2-(3,5Hlimetr^l-4-metho3v)pyrtdyImethylsuIfinyl]-6-cydopr^ 

2-[2-(4HTiethox^pyridylmethylsulfiriyO-5-cydoprop^ 

2-[2-(3,5-dlmethyM-methoxy)pyridylmethylsumriyQ-6-(2A2-tri^ 

2-[2-(4Hiriethyl)pyridyImethylsumnyD-6-(2^.3.3A4.4-heptaffuoro^ 

2-[2-(3,5-dimethyI)pyridylmethylsulfinyO-5Hi4ieptylo5^niid»^^ 

2-[2-(3,5-dlmethyl)pyridyImethylsuffinya-5-(3-niethylbuty!oxy)lml^ 

2-[2-(3,5-dlmBtfvl-4-methoxy)pyrldylmethylsulflnyO-6-^ 

12. A process for preparing a pharmaceutical composition as claimed In claim 9 where said one or more 
physiologically acceptable pharmaceutical carriers are selected from the group consisting of com starch, 
dextrin, a-, p- or y-cyclodextrin. glucose, lactose, sucrose, methyicellulose, ethylceiiuiose, calcium 
oarboxymethylcellulosd. crystalline celluiose, magnesium stearate. sodium alginate, Witepsoi W35, 
Witepsol E85, polyvinyl alcohol, synthetic aluminum silicate, talc, waxes, hydroxypropyl cellulose, hydroxy 
propyl methyicellulose. hydro^ethyl methyicellulose. cellulose acetate phthalate. hydroxypropyl 
methyicellulose phthalate, polyvinyl alcohol phthalate, styrene-maleic anhydride copolymer, polyvinyl 
acetai diethylaminoacetate. glycerol, propylene glycol, mannitol, polyoxyethylene stearate, poly- 
oxyethylene cetyl alcohol ether, polyethylene glycol, polyvinyl pyrrolldone. sorbitol. Tween 80, Span 60, 
fats, oils and water. 
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